SUMMARY Seven patients with gut and pancreatic endocrine tumours have been treated with a long acting somatostatin analogue , given as a twice daily subcutaneous injection. This produced dramatic improvement in their endocrine related symptoms, in association with a fall in circulating tumour peptides. One of these patients has now been treated for seven months with this analogue which has controlled his previously life threatening diarrhoea caused by a malignant VIP secreting tumour. He gives his own injections twice daily, and has returned to a full and active life. This is a promising agent both for acute treatment of peptide hypersecretion, and for the long term management of some patients who are unresponsive to other available therapy.
Pancreatic and gut endocrine tumours secrete high concentrations of peptides and amines, which may have life threatening clinical and biochemical consequences. 1-4 Somatostatin, a potent endogenous inhibitor of peptide release can be used in the treatment of patients with peptide secreting tumours.i9 Its native form, however, has the disadvantage of a short half life, necessitating intravenous administration.'0 Analogues of this peptide have therefore been developed to overcome these problems,"1 and have been used with some success in the short term treatment of peptide hypersecretory syndromes. 12 Recently an octapeptide analogue of somatostatin, SMS 201-995 (Sandoz) (Fig. 1 ) has been developed with a prolonged duration of action, and has been shown to have some selectivity of action, at least in animals. 13 It can be used subcutaneously, or even orally at high doses. We report here the results of a study to investigate the use of this analogue in the acute and long term treatment of a variety of pancreatic endocrine tumours.
Methods

PATIENTS
Seven patients, one with carcinoid syndrome, and six with peptide secreting pancreatic endocrine tumours were studied. The latter group consisted of two pure gastrinomas, two tumours secreting both gastrin and glucagon and two secreting vasoactive intestinal polypeptide (VIP), with peptide histidine isoleucine (PHI) and neurotensin. The six patients with metastatic disease had had clinically apparent tumours for several years, and had been treated over this period with chemotherapy, and or hepatic artery embolisation. In one patient with a VIP secreting tumour surgical excision of the primary tumour, a recurrence, and subsequently of the metastases, had been attempted. In all these cases only temporary remission of symptoms had occurred. The major clinical features of these patients at the time of the study are recorded in the Table. In most cases these were those expected of the particular hypersecretory syndrome; however, symptoms and signs had been modified to some extent by prior treatment and medication, which in some cases was essential to continue for the safety of the patients. Thus patients with gastrinomas were maintained on their previous dose of H2-antagonist, cimetidine, and some on insulin. Patients with glucagon secreting tumours were given prophylactic therapy for thromboembolism (aspirin or dipyridamole). Fluid and electrolyte replacement was given when required.
TEST PROCEDURE All patients were admitted to the metabolic unit. 438 Long acting somatostatin and endocrine tumours Somatostatin:
H-Ala -Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Lys-Thr-Phe-Thr-Ser-Cys -OH All patients tolerated SMS well, the only side effect seen was in the patient (no. 5 on the Table) , whose tumour secreted both gastrin and glucagon. This patient regularly experienced postural hypotension as a consequence of diabetic autonomic neuropathy, this was worsened by SMS; however halving the dose to 25 jig twice per day resolved the problem.
GUT HORMONES
Vasoactive intestinal polypeptide fell by more than 50% in both patients with VIP secreting tumours, however the lowest values reached were still 4-8 times higher than the upper limit of normal for this peptide (Fig. 3) . The discrepancy between the 400O 300Q 0. 
clinical and hormone responses was possibly explained by the findings of column chromatography. Figure 4 shows the chromatographic profile of VIP before and during treatment with SMS; before SMS several large molecular forms of VIP were present in the circulation, in addition to the peptide which coeluted with standard VIP. During treatment the standard form disappeared from the plasma leaving only larger VIP-like peptides, which may have had lower biological activity. Of the other peptides cosecreted by these vipomas, plasma peptide histidine isoleucine fell slightly (Fig. 3) , while there was no change in plasma neurotensin during treatment.
In those patients with raised plasma gastrin concentrations this fell rapidly after SMS as shown in Figure 5 . Pretreatment values varied considerably between patents but this did not appear to influence the response to SMS, which lowered gastrin by 30-100%. The greatest and most prolonged suppression of gastrin release occurred in the only patient without metastatic disease (no 4 in Fig. 5 and Table) . Both patients with glucagon secreting tumours had extremely high circulating concentrations of glucagon, which fell precipitously after SMS, to values just above normal (Fig. 6) .
In most patients there was a tendency for the peptide concentrations to rise again by the time of the next dose of SMS, 12 hours from the first. Plasma glucagon in patient 5, and gastrin in patient 6, had virtually returned to pretreatment values by this time, whereas plasma glucagon in the latter patient, and plasma gastrin in patient 4 remained low throughout. Other patients showed patterns falling between these two extremes. Inhibition of tumour secreted peptides followed a similar pattern over the three days of treatment, there was no evidence of either a greater or lesser effect with repeated doses of SMS. After withdrawal of SMS most peptide concentrations returned to pretreatment values, in the case of the patients with VIP secreting tumours there was an overswing of secretion, with higher values for about 24 postprandial release (Fig. 7) . Despite total inhibition of food stimulated insulin secretion, glucose tolerance was little affected. Indeed there was an initial impaired rise in plasma glucose. SMS did not lower 24 hour urinary 5-hydroxyindole acetic acid concentrations in the patient with carcinoid syndrome.
Haematological, electrolyte, and liver function were not altered by SMS. Similarly pulse and blood pressure measurements remained stable for each patient throughout treatment, except in patient 5, whose pretreatment postural hypotension was worsened by SMS.
LONG TERM TREATMENT
At the time of this study, patient running (10-20 miles per day). Although the plasma VIP concentration over this time has remained raised, with a mean value of 161±68 pmol/l, this is substantially lower than before treatment (361±19 pmol/1), VIP immunoreactivity is now present in the large form which may be of reduced biological activity (Fig. 4) .
Discussion
The clinical and biochemical manifestations of the gut and pancreatic endocrine tumours are determined by the peptides and amines secreted by these tumours. 1 In contrast to most tumours, morbidity and mortality of these endocrine tumours are closely related to the metabolic abnormalities induced by such hormonal hypersecretion,1-3 Indeed it is now well recognised that supression of tumour related peptide and amine secretion can produce relatively prolonged symptomatic and biochemical remission, even in the absence of effective treatment to reduce the progression of tumour growth. 7 15 Although such a palliative approach to treatment may be regarded as inadequate on first principles, it assumes greater importance in the context of the malignant behaviour of most of these tumours. Curative surgery is rarely successful, while their response to a variety of chemotherapeutic agents is poor.1 2 16 There is therefore a definite place for antisecretory therapy, to be used either, to suppress peptide related metabolic abnormalities while curative treatment is attempted, or in the long term, when this fails.
Little is known about the natural history of peptide secreting tumours. Figures on the long term survival in the Zollinger-Ellison syndrome are available from patients in whom acid hypersecretion has been prevented by total gastrectomy. In these patients with metastatic gastrinomas a five year survival of 42%, and 10 year survival of 30%17 is reported. It has been estimated that only 50% eventually die from their tumours. 17 18 These figures are no doubt influenced by the substantial morbidity and mortality of total gastrectomy itself, though it is likely that the long term survival resulting from effective treatment of the Zollinger-Ellison syndrome with H2 receptor antagonists, will be even more favourable. Mortality related to these endocrine tumours per se is therefore much lower than that for most malignant disease. This is further supported by the finding that in some patients, glucagon related symptoms antidate the diagnosis of the glucagonoma by some years, suggesting the presence of an occult tumour throughout this time. 19 There is a suggestion therefore that if peptide hypersecretion is controlled, then patients may have a relatively good long term prognosis despite their malignant disease.
Somatostatin provides a method of directly inhibiting secretion of tumour peptides, and so preventing their detrimental effects. This study shows that a long acting analogue of somatostatin, given subcutaneously, as insulin is routinely selfadministered by diabetics, can produce effective suppression of peptide secretion from a number of pancreatic tumours, and result in marked improvement in patients' symptoms. In the group of patients studied here the alternative methods of treatment, surgery, chemotherapy, and hepatic artery embolisation, had failed, yet despite their apparent end-stage disease these patients responded well to therapy with SMS.
Patients with peptide hypersecretion, with severe metabolic derangements are poor candidates for surgery, chemotherapy, or hepatic artery embolisation. Short term pretreatment with SMS could reverse these metabolic abnormalities and so improve the response to curative therapy, in patients with operable lesions.
SMS caused no significant side effects, either acutely, or during seven months of continuous treatment. Despite suppression of insulin secretion glucose tolerance remained normal, suggesting the inhibitory effect of insulin was counterbalanced, both by inhibition of glucagon secretion and by the known inhibitory effect of somatostatin on glucose absorption. 2O The mechanism by which SMS produces resolution of peptide related effects is of interest, certainly part of its effect is directly due to inhibition of peptide release.7 12 It is possible that it also has an effect on peptide processing as in the vipomas there appeared to be preferential inhibition of the small molecular weight form of VIP. A similar phenomenon has been reported for metoclopramide,'5 and streptozotocin. Somatostatin, has been shown to directly inhibit gastric acid and intestinal fluid secretion, as well as to stimulate fluid absorption,21-23 SMS is likely to have similar effects. This would provide an explanation for resolution of diarrhoea in the carcinoid syndrome when urinary 5-hydroxy-indole acetic acid was not lowered, and contribute to the improvement in symptoms observed in vipomas and gastrinomas.
An exciting new development regarding somatostatin's therapeutic role, stems from the recent finding of shrinkage of hepatic metastases in our patient with the vipoma treated with SMS for seven months.24 Somatostatin has been reported to influence cellular turnover in tissues,25 26 
